Background: The use of health-related quality of life (HRQOL) measurements has been increased progressively in health surveys. These measurements document the functional and psychosocial outcomes of health conditions and complement clinical indicators to provide a comprehensive description of individuals and populations' health. The Pediatric Quality of Life Inventory™ (PedsQL™) is a promising instrument with age-appropriate versions. The objective of the current paper was to evaluate the psychometric properties of the PedsQL™ 3.0 Cancer Module cross-culturally adapted for use in Brazil.
Background
Childhood cancer represents from 0.5 to 3.0 percent of malignant tumors in the world. In Brazil, the estimated incidence of children with tumors in 2006 was 2.5 percent of all cases of malignant neoplasms (11, 800 individuals in the 0 to 18-year-old age group). The significant progress in anti-neoplasm therapy has led to a reduction in mortality rates in the last 40 years. Currently, 50 to 70 percent of pediatric cancer patients can be cured if diagnosed and treated early [1, 2] . As a result of this increased survival rate, there have been a growing number of studies assessing health-related quality of life (HRQOL) in pediatric patients with cancer both during and following treatment [1, 3, 4] .
Disease-specific HRQOL assessment instruments have been developed to determine the impact of disease and treatment on the quality of life of patients. Moreover, decisions for the implementation of improvements in public healthcare may be adopted based on the impact of interventions on quality of life [1] . However, there are a limited number of instruments designed to measure the HRQOL of pediatric patients with cancer [5] [6] [7] . Research carried out on the Medline database involving studies from 1950 to 2006 and using the descriptors 'neoplasms', 'quality of life', 'questionnaire' and 'children' revealed 193 published articles. An analysis of these publications identified three disease-specific instruments for pediatric cancer (Pediatric Quality of Life Inventory™ (PedsQL™) 3.0 Cancer Module, Quality of Life in Childhood Cancer, and the Minneapolis-Manchester Quality of Life Instrument), none of which had yet been translated and validated for Brazilian Portuguese.
The decision was made to use the PedsQL™ 3.0 Cancer Module to assess the impact of cancer on the HRQOL of children and adolescents. The PedsQL™ 3.0 Cancer Module is disease-specific HRQOL instrument developed to measure the impact of symptoms and treatment on the quality of life of pediatric patients with cancer. This decision was based on the fact that it is a multidimensional, cancer-specific instrument of easy comprehension and designed for pediatric patients between the ages of 2 and 18 years. Furthermore, it is available in a self-report version designed for children/adolescents and a proxy-report version for guardians.
The aim of the present study was to test the psychometric properties of the PedsQL™ 3.0 Cancer Module cross-culturally adapted to Brazilian Portuguese.
Method

Target population
The present validation study was developed in the city of Belo Horizonte, Minas Gerais, Brazil, from August through November 2006. The city is located in the central southern region of the state. It has an extension of 330.93 km 2 and 100% of the population resides in urban areas (2, 238 ,526 inhabitants).
Subjects were recruited by means of convenience samples from the Pediatric Hematology/Oncology Centers at two public hospitals of the city. A total of 190 families of Brazilian children between the ages of 2 and 18 years, of both genders, with malignant neoplasm in various phases of treatment or control of the disease participated in the study. 'In-treatment' status was defined as individuals who were receiving medical care to induce remission (n = 140, 73.7%). 'Off-treatment' status was defined as individuals for whom all therapy was completed for a period of at least one month (n = 50, 26.3%) [1] . The existence of another illness or concomitant syndrome to the malignant neoplasm was established as an exclusion criterion. The choice of age group was determined by the targeted age range of the selected instrument.
The instruments were applied to pediatric patients between the ages of 5 and 18 years (n = 124). Twelve children did not answer the questionnaires. All guardians (88.4% parents, 11.6% others) answered the instruments (n = 190) reporting on the quality of life of children. Children between the ages of 2 and 4 years (n = 54) did not answer the questionnaires, as consistent with the instrument requirements. All guardians (88.4% parents, 11.6% others) answered the questionnaires (n = 190) reporting on the quality of life of children. Patients and guardians present at the hospitals on the days scheduled for the interviews were selected to participate in the study. The PedsQL™ 3.0 Cancer Module 3.0 and PedsQL™ 4.0 Generic Core Scales were administered at the hospital internment units (n = 35, 18.4%) and the outpatient treatment units (n = 155, 81.6%) while the families awaited medical care.
The questionnaires were administered by means of interviews with the children/adolescents as well as the guardians, who were interviewed separately. During the interviews, the guardians also responded to a form regarding information on age, family relation and degree of schooling. In order to characterize the families in economic terms, the Brazilian Economic Classification Criteria was used as the standard of segmentation of the population into economic classes. It is composed of five levels (A, B, C, D, E), for which A is the highest and E the lowest. The goal of this classification system is to estimate the buying power of each family, as measured by the quantity of products each family can afford [8] .
Interviews were performed individually by the researcher in a room reserved specifically for this end. Prior to the interviews, authorizations were obtained from the Research Ethics Committees of the institutions involved. Terms of informed consent were also obtained from the participants.
Instruments
The Pediatric Quality of Life Inventory™ (PedsQL™) 3.0 Cancer Module is a multidimensional instrument developed by Varni et al. [9] to assess the impact of the disease and treatment on the HRQOL of pediatric cancer patients. The instrument was developed in versions for individuals in the following age groups: 5-7, 8-12 and 13-18 years; as well as for the guardians of individuals in the following age groups: 2-4, 5-7, 8-12 and 13-18 years. There is no self-report version for children between the ages of 2 and 4 years. It is structurally composed of 27 items distributed among 8 subscales: pain and hurt (2 items), nausea (5 items), procedural anxiety (3 items), treatment anxiety (3 items), worry (3 items), cognitive problems (5 items), perceived physical appearance (3 items) and communication (3 items). The scale has five Likert response options, 'never', 'almost never', 'sometimes', 'often' and 'almost always' (corresponding to scores of 100, 75, 50, 25, 0). For the versions adapted to children between the ages of 5 and 7 years, there are only three response options: 'never', 'sometimes' and 'almost always' (100, 50, 0). For this age, a Face Scale was used, comprised of 3 pictures of facial expressions varying from a smiling face to a very sad face to indicate no problem/no difficulty/no pain to a lot of problems/difficulty/worst pain. Regarding the interpretation of the scale, higher scores indicate lower levels of difficulties related to the disease and/or treatment.
The PedsQL™ 4.0 Generic Core Scales was used to compare with the PedsQL™ 3.0 Cancer Module in order to evaluate its construct validity. The Generic Scale is made up of 23 items distributed among 4 subscales: physical functioning (8 items), emotional functioning (5 items), social functioning (5 items) and school functioning (5 items). It can be used in studies assessing the HRQOL healthy children and adolescents and pediatric patients with acute and chronic health conditions. It is available in versions for children in the age groups 5-7, 8-12 and 13-18 years; as well as the guardians of the children in the age groups: 2-4, 5-7, 8-12 and 13-18 years. As with the PedsQL™ 3.0 Cancer Module, the scale is made up of five Likert response options. Regarding interpretation, three scores can be obtained: the total score; the score referring to physical health (score of the physical functioning subscale); and the score referring to psychosocial health (combined scores of the emotional functioning, social functioning and school functioning subscales). Higher scores indicate a better quality of life.
Statistical analysis
Test-retest reliability was determined through the calculation of the Intraclass Correlation Coefficient (ICC) regarding the scores of the 8 subscales of the PedsQL™ Cancer Module. 95% confidence intervals were estimated. The Intraclass Correlation Coefficient was measured according to the following values: ≤0.40 weak correlation; 0.41-0.60 moderate correlation; 0.61-0.80 good correlation; and 0.81-1.00 excellent correlation [10, 11] . A scale with ordered categories implies that disagreement between different pairs of categories signifies different levels of seriousness depending on their position in the sequence. The Weighted Kappa Coefficient (kw) was also calculated for each question of the instrument to measure the degree of agreement of each pair of observations. The criteria described by Landis & Koch [12] were considered in the interpretation of agreement: -1.0 to 0.0 poor; 0.0 to 0.20 discrete; 0.20 to 0.40 regular; 0.40 to 0.60 moderate; 0.60 to 0.80 substantial; 0.80 to 1.00 nearly perfect. The PedsQL™ Cancer Module instrument was administered twice by the same researcher to 50 study participant families (26.3% of the overall sample), with an interval of 7 days between applications.
Values regarding the internal consistency of the PedsQL™ 3.0 Cancer Module total scale score and subscales were estimated by means of Cronbach's Alpha Coefficient. Values ≥ 0.70 were considered acceptable for comparisons between groups [13] [14] [15] . Spearman's Correlation Coefficient was calculated to assess the correlation of each item with its respective subscale. Corrected Item-Total Correlation Coefficients were obtained, considering values ≥0.20 as acceptable [16] .
Discriminant validity of the PedsQL™ 3.0 Cancer Module was determined by means of a comparison between the scores determined by the known groups approach (patients in treatment and off treatment). Patients in treatment were hypothesized to demonstrate lower scores on the 8 subscales of the PedsQL™3.0 Cancer Module than patients off treatment, signifying greater difficulties and limitations due to the disease and treatment [15] . The Mann-Whitney test was utilized for the analysis of this hypothesis.
Construct validity was assessed by means of correlation analysis between the subscale scores of the PedsQL™ 3.0 Cancer Module and the scores of the PedsQL™ 4.0 Generic Core Scale Computing the inter-correlations among scales provides initial information on the construct validity of an instrument [14] . We hypothesized that greater cancerspecific symptoms or problems would be correlated with lower overall generic HRQOL based on the conceptualization of disease-specific symptoms as causal indicators of generic HRQOL [17] . Spearman's Correlation Coefficient was utilized in these analyses.
The correlation between the scores obtained on the versions applied to the children/adolescents and those applied to the guardians was determined through correlation coefficients. The Intraclass Correlation Coefficients (ICC) were computed. The SPSS for Windows (version 12.0) and Microsoft Excel software programs were used for the data analysis.
Results
Characterization of the sample -descriptive analysis
The study involved a sample totaling 190 individuals and their families in accordance with the inclusion criteria. Distribution per age group proved to be uniform (2-4, 28.4%; 5-7, 22.1%; 8-12, 29.0%; 13-18, 20.5%) and 65.8% of the children/adolescents were male. The average age of the guardians was 35.6 years (standard deviation = 9.6); 76.3% were mothers and 65.7% had up to 8 years of schooling. Most of the families belonged to the less privileged economic levels; 53.6% pertained to Class C and 35.7% pertained to Classes D and E (low economic level) ( Table 1 ).
All guardians (n = 190) answered the questionnaires. Regarding individuals between the ages of 5 and 18 years, 12 (6.3%) did not participate in the study; ten of these (5.3%) were in the 5-7-year-old age group and two (1.0%) were in the 8-12-year-old age group. The following were the reasons given for refusing to participate: five (3.7%) did not wish to answer the questionnaires; and seven (5.1%) did not have the physical capacity necessary to answer the questionnaires (individuals with malignant neoplasms in the Central Nervous System and individuals in the terminal phase). In such cases, only the guardians participated in the study. One female adolescent with a syndrome associated with malignant neoplasm was excluded from the study. Internal consistency was assessed with Cronbach's Alpha Coefficient regarding the total scale and the different subscales according to the age group of the individuals. The analysis of the results revealed values greater than 0.70 for the total scale in all age groups and in both the version designed for children/adolescents as well as that designed for guardians. However, when assessing each subscale separately, the values proved heterogeneous ( Table 3 ). The analysis of the Corrected Item-Total Correlation Coefficients for the 27 items of the scales revealed values greater than 0.20 (Table 4) .
Reliability
Validity
The discriminant validity of the PedsQL™ 3.0 Cancer Module was determined by comparing the scores for patients in treatment and those off treatment. Analysis was performed employing the Mann-Whitney test. According to the scores the children/adolescents obtained, the 'nausea', 'procedural anxiety' and 'treatment anxiety' subscales were capable of differentiating the two clinically distinct groups. Regarding the scores the guardians obtained, the two sample groups were differentiated by the 'pain and hurt', 'nausea' and 'procedural anxiety' subscales ( Table 5 ).
The subdivision of the sample into three groups of patients in known distinct clinical conditions ('in treatment', 'off treatment' ≤ 12 months and 'off treatment' > 12 months) demonstrated that the 'nausea', 'procedural anxiety' and 'treatment anxiety' subscales were capable of distinguishing the groups. The Kruskal-Wallis and MannWhitney tests were used for the statistical analysis (Table  6 ).
Construct validity was measured using Spearman's Correlation Coefficient between the scores obtained on the 8 subscales of the PedsQL™ 3.0 Cancer Module and 1) the total score; 2) the score referring to physical health and 3) the score referring to psychosocial health of the PedsQL™ 4.0 Generic Core Scale. The values demonstrate that, despite being statistically significant, correlations were weak. Furthermore, a weak correlation was observed between the scores the children/adolescents obtained and those obtained by the guardians (0.17-0.47) ( Table 7) .
Discussion
The incidence of childhood cancer is estimated at 100 to 150 cases per million inhabitants per year and has increased by about 12% in the last 15 years. In assessing all types of neoplasms in childhood and adolescence, a greater incidence is observed among boys [18] . In the present study, the majority of the sample (65.8%) was made up of males, which is consistent with the literature.
Assessment instruments should be reproducible over time, that is, they should produce similar results in two or more administrations to the same individual, provided that the general clinical state has not been altered. The analysis of test-retest reliability suggests the adequate stability of the instrument. The 7-day interval between interviews was important in diminishing the probability of systemic alterations in the clinical condition of the patient. It is recommended that the interval between measurements be long enough to reduce the effects of memory and short enough to diminish the likelihood of systemic alterations. Although the definition of this interval is arbitrary, a period of 2 to 14 days is considered adequate [16, [19] [20] [21] .
Internal consistency calculated by means of Cronbach's Alpha Coefficient for the overall scale demonstrated adequate homogeneity (α ≥ 0.70) for both the version designed for children/adolescents (α = 0.76) as well as that designed for guardians (α = 0.84). Procedural anxiety subscale presented values near to or above 0.70 in all age groups. Both the 'treatment anxiety' and 'communication' subscales exhibited values near to or above 0.70, except for the individuals in the 8-12-year-old age group. The same was observed for the 'worry' subscale for individuals in the 13-18-year-old age group. The 'pain and hurt', 'cognitive problems' and 'perceived physical appearance' sub- It is interesting to note that the study carried out by Varni et al. [15] in San Diego and Los Angeles (USA) with 339 families of individuals between the ages of 2 and 18 years with cancer exhibited Alpha Coefficients of less than 0.70 in various subscales of the versions designed for children/ adolescents. Thus, such subscales were only considered for descriptive analyses. The low internal consistency may be related to the small number of items that compose the subscale [22] . Furthermore, Alpha Coefficient values may be influenced by the level of schooling in the sample [23] .
The analysis of the Corrected Item-Total Correlation proved the satisfactory homogeneity of the instrument. It is known that when the correlation coefficient is lower than 0.20 or 0.30, the item should either be rewritten or removed from the instrument [14, 16] .
A number of studies use discriminant validity analysis as a useful method in the differentiation of groups that are known to be distinct [1, 15, 24, 25] . The results support the hypothesis that individuals in treatment would exhibit low scores on the PedsQL™ Cancer Module when compared to individuals off treatment. Therefore, the occurrence of illness implied limitations and difficulties.
It is important to note that the 'nausea' subscale was capable of discriminating individuals in treatment and individuals off treatment for a period of ≤ 12 months and individuals off treatment for >12 months in both the version designed for children/adolescents as well as that designed for guardians. Nausea and vomiting in the first 48 after initiating the chemotherapy treatment cycle are frequently reported by individuals afflicted with neoplasms [26] .
The hypothesis was confirmed with regard to the construct validity of the PedsQL™ Cancer Module scale. Individuals in treatment had lower scores on the PedsQL™ Generic Core Module, as the occurrence of childhood cancer implies restrictions to daily living. It is known that there are frequent occurrences of infection, fatigue, anemia and nausea. Emotional disorders can also be secondary reactions to treatment or attributed to a lack of motivation. Psychological affects, such as a diminished scholastic performance or capacity for social interaction, can result in neuropsychological deficiencies attributed to the toxicity of chemotherapy or the isolation to which the individual is subjected [9, 15] .
The analysis of the correlation between the scores the children/adolescents obtained and those obtained by the guardians revealed a weak correlation in all PedsQL™ Cancer Module subscales. The same has been found in other studies [1, 9, 15] . Thus, the importance of developing instruments designed for children/adolescents is stressed, as the concept of quality of life is subjective [27] [28] [29] [30] . It is known that children, even under the age of 5 years, are capable of describing their perceptions, emotions, feelings and thoughts [31] . Furthermore, the reports of children/ adolescents and their guardians tend to be similar when referring to externally perceptible physical symptoms. However, opinions are quite distinct with regard to subjective issues [27, 32] .
This study presents limitations that should be recognized. One difficulty observed in studies on individuals afflicted with cancer regards the small size of the sample stemming from the low prevalence of the illness [23, 24, 33, 34] . In order to broaden this convenience sample, the study encompassed the two largest childhood neoplasm treatment hospitals in the city of Belo Horizonte, MG, Brazil. The results will be applicable to a specific population. It should be pointed out that Brazil is a country of vast cultural diversity, which limits the generalization of results and implies the need to perform adjustments [35] .
It should also be stressed that the scale was developed to be administered in the form of an interview with children in the 5-7-year-old age group and self-applied in the other age groups (8-12 years and 13-18 years) as well as with the guardians. However, due to the low level of schooling among the individuals who participated in the present study, the option was made to administer the questionnaire in the form of an interview in all cases. A number of studies have demonstrated that the mode of administration does not affect the performance of the instruments [21, 30] . Nevertheless, a comparison between the interview mode of administration and self-administered mode of administration needs further investigation. Finally, there was no report by the patients or guardians of any lack of comprehension regarding the questions.
The lack of validation studies on assessment scales of the quality of life among children and adolescents with cancer in Brazil hinders comparisons with the results obtained here. Furthermore, the PedsQL™ 3.0 Cancer Module' is currently undergoing validation processes in a number of countries, which have only been concluded in Germany thus far [33] .
Conclusion
The Brazilian version of the PedsQL™ Cancer Module 3.0 presented adequate properties regarding the validity of the On Tx: in-treatment sample; Off Tx ≤ 12: off-treatment ≤ 12 months sample; Off Tx > 12: off-treatment > 12 months long-term survivor sample *p < 0.05, **p ≤ 0.01, ***p ≤ 0.001 based on Mann-Whitney Test construct. The adequate reproducibility and good validity of the scale suggest its usefulness as a parameter in studies assessing the impact of neoplasms on the quality of life of children and adolescents. Further investigation of the Brazilian Portuguese language instrument should focus on testing sensitivity and responsiveness in longitudinal studies and providing a data comparison to healthy Brazilian children and adolescents. Correlation values between the scores of the child/adolescent and guardian are in bold type. Average measure intraclass correlation coefficients (ICC) are listed in italics below Spearman's Correlation Coefficient for child/adolescent and guardians correlation. ICC was derived using two-way fixed effects model. All correlations present significance levels when *p < 0.05 and **p ≤ 0.01 (2-tailed).
